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Plastic responses of aboveground morphology to canopy conditions

in the three shrubs (Lindera umbellata, Symplocos coreana,

Menziesia cilicalyx) in a cooltemperate conifer-hardwood forest

Kazumichi MorisHITA* and Michinori SAKIMOTO™
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and growth form of three dominant deciduous shrubs (Lindera umbellata,

Symplocos coreana, and Menziesia cilicalyx) with various growth forms were investigated under cedar and beech

canopies and in canopy gaps in a cool-temperate forest. Crowns of S. coreana and L. umbellata under cedar and beech

canopies were wider and umbrella- shaped compared to those in canopy gaps. Current shoots of L. umbellata and S.

coreana under cedar and beech canopies were significantly shorter than those in canopy gaps. while

those of M.

cilicalyx were similar irrespective of canopy conditions. Specific leafl area of the three shrubs were largest under
cedar canopy and smallest in canopy gaps. Morphological plasticity of crown components of L. umbellata and S.
coreana was observed in all levels investigated, while M. cilicalyx responded in leaf level only. Stem density per stool.

which was used as an index of growth form in this study, was significantly different between species ; highest in M,
cilicalyx (8 to 13), followed by L. umbellata (2 to 4) and S. coreana (1 to 3). From this study, it is implied that

difference in morphological plasticity of crown components of the three shrubs may associate with the difference of

their growth forms.

Key words: shrub, morphological plasticity, canopy type. multi-stem growth form. crown shape
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Table 1 Number of stems” per stool of Lindera umbellata,

Symplocos coreana and Menziesia cilicalyx under cedar and
beech canopies and in canopy gaps.
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Species Cedar Beech Gap

Lindera 4.2 08 24 £1.1 24 19
Symplocos 1.0 £00 20 £1.4 28 =1.8
Menziesia 11.2 £33 8.0 +4.5 13.0 £6.6

WE50cmEL L oMb ERp o R BCE AT, AU = B (A
T,
* Stem length = 50cm. Mean with SD is shown.
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Table 2 2-way ANOVA table for number of stems per stool
of thru shrubs,

W4 A2 AU Lo REOE) Y

Source SS df  MS F p-value
Species 691.9 2 346.0 365 0.0000
Canopy condition 294 2 147 1.6 0.2257
Species X Canopy  53.7 4 134 1.4 0.2478
Error 340.8 36 9.5

Total 11158 44
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Fig. 1 Typical aboveground morphology of stools of three shrubs under cedar canopy.

a) Lindera umbellata

b) Symplocos coreana

¢) Menziesia cilicalyx
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and TUKEY's test). —7J7, #PEIBIRILICOWCE, fif
HOBENHED SN hols (p=0.649, two-way
ANOVA).
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Fig. 2 Crown shape of Lindera umbellata, Symplocos coreana,
Menziesia cilicalyx under cedar and beech canopies and in
canopy gaps. (1)Crown depth ; (2)crown width : (3)crown ratio
(crown depth / crown width). The different letters indicate
significant differences among canopy conditions (one-way
ANOVA and Tukey's test).

#3 BHEEICNT AL LR oREORE (SRl s
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Table 3 Summary of 2-way ANOVA tables for the crown

shape traits of three shrubs.

Source df Crowndepth  Crown width CSR*

F  p-value F p-value F p-value
Species 2 73 0002 146 0000 04 0.649
Canopy condition 2 27.7 0000 9.9 0.000 23.0 0.000
Species X Canopy 4 1.7 0173 23 0078 2.0 0.121

* Crown shape ratio: crown depth / crown width,
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AR P T R I I IR O 2 b o & (mm&memwwuwwymAMNM)

Hz&.it, u%yu09/+%777%&mh BB TICBWT, Bl 0 BEHRHN S
T, BIREE - BHEEE ISR S o, ShoDI & Bl EFELMSNTEY (e.g. CANHAM, 19§
VAN ESVA A& J:h"’;@ﬁ':’b\&‘%}'l,” M RE TAKYU, 1998 @ KAaTO and YAMAMOTO, 2002), @O HLH

OF WL L ARG A NS L, AN 5 IFC/FI T EN D MNEROWH G & B D & 3
BhoTWAI EITRENT. TE D (G - I, 1994 5 T - L 2002).

I, FrFYuTyX, v)ARYY :‘/’@%’;ﬂﬂ%‘{ﬁ»{%lﬁ(

3. HER LT, BEEKHY)OC/FlLaRkdzeIlh, !

TOEYEVYHER Yy IOMEREE, ROy B ox (em) &C/Flb iy (g/g) & Dk H».li%h
12 & BATEADED SR Do Fo D% L“’C ¥ v AR L (p<0.001), ZFomGRiZENZ ﬁL
77 % FOMERFIZ, WEF v v 7TLD L AFHE y=0.02x+0.01 (r=0.95), y=0.03x+0.03 (r=0.88),

TROETHFRET THBEILEZ % » Tz (p<0.01. y=0.10x+0.05 (r=0.89) Tdh o 7. DT ki,
ANOVA and TukgY's test) (Table 4). 3 flioM4ERL DO BNTEH, BOWHEHIZEC/FIEAKREL %
ROFEME, LROBGICED S5, M ERD WAL A L e R LTS, s T

?wb‘Li‘r~‘Jf5T“a?>o 7z, Ld L, 3HioMAER RO RAM JE Y rFHT Ty FTRL NI MR EOEIIE,
REHEIE, BRI OB X o T4 o7z (Table 4). BaFisdsiy Mo B b4 ma U, MRz idr s
7D%y&9x+%77&¥@%$&&@ﬁkmm,% DOMIETHLEEZLNDL, LHL, YUHERYY
EEY v TTFTROKREL, KOTTFRET, AFHK JiE, Lo L 5 BAERROELHNRO 61T,
BFER-THEY, WFRLAFHETFEWEF v v 7 FOIFHMIZ07~10ecmE, VIR L E D - 7.

TOMTOAFEENRD SN (p<0.05, ANOVA
and TUKEY's test). ZOET &S o FH T 78 FDY 3. 4. ¥

ERER, R OB O T O A DA T A 3 oy 3 {“{xx}xo\iu"‘ﬂ{" c BEL T LR oIS
D SN (p<0.0]. KRUSKAL-WALLIS and SCHEFFE's LW EL T (Fig 3). M )L MR, A FHET
ZOFWH TR M\mﬁr ¥ v 7 FTRDK BT M T -a‘ob\“CM\m;v\"“ Yy 7T L L bR

&, ROTTFHET, AFHKETFT L0 nlf‘fab«: 7. MHREEIAA LN, 7RETEV)TEY YT
V) Ay Y OMEREE RO E DR KA DNWTIEEDEDA M TH - 7 (p<0.05 ANOVA and
Lo FEERBBRIBOLN LD - t SCHEFFE's test). F7z, 3HloLRMFNL, A FWET

Fd AXWETF, 7FHET. Frv 7FEBTR20EY, U FHT78F, vI)FRY Y TONEREN
UM AR R B

Table 4 Numbc and length of current shoots of Lindera umbellata, Symplocos coreana and Menziesia cilicalyx

under cedar and beech canopies and in canopy gaps.

Species Variables Ceder canopy Beech canopy Gap
Lindera No. of shoots / stem 243 * 102° 217 % 66° 253 = 73°
Maximum shoot length (cm) 9.6 = 62° 12.0 *+ 15.9° 316 % 9.5°
Mean shoot length (cm) 0.9° 1.1’ 3.4°
Symplocos No. of shoots / stem 425 = 156 471 £ 132° 242 + 33°
Maximum shoot length (cm) 7.9 *= 0.9° 115 *4.3% 191 = 7.8
Mean shoot length (cm) 1.1° 1.6° 2.3°
Menziesia No. of shoots / stem 287 = 471° 339 + 107° 283 = 44
Maximum shoot length (cm) 6.7 * 2.8 125 +*9.0 11.5 %= 99
Mean shoot length (cm) 0.7" 1.0° 0.8°

SEIGA & A (G o 2o P O AR T, W B2 IR LR OIS X A A A R R ORI U RN
AERRS DWW T TR A BT & T o — ¥ — O SR, SFEMAERRIZ W T li VG AN =+ ) ADKR
ey 7 e DE WL,

Mean with SD or mean only is shown. The different letters indicate significant differences among canopy
conditions (one-way ANOVA and Tukey's test for number of shoots and maximum shoot length, Kruskal-Wallis
and Scheffe’s test for mean shoot length).
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Fig. 3 Leaf morphological traits of Lindera umbellata.
Symplocos coreana and Menziesia cilicalyx under cedar and
beech canopies and in canopy gaps. (I)Mean area per leaf ;
(2)specific leaf area. The different letters indicate significant
differences among canopy conditions (one-way ANOVA and
Sheffe’s test).
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Fig. 4 ()Total current shoot length, (2)total number and (3)area

of leaves per stem of Lindera umbellata, Symplocos coreana

and Menziesia cilicalyx under cedar and beech canopies and in

canopy gaps. The different letters indicate significant

differences among canopy conditions {(one-way ANOVA and

Tukey's test).
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WKH b SY, M EgaRE L CIHEFy v 7T EE
boiwn (HEviEEh b)) IR fRFL T
7o 7uEIVIE, YAEME2emfPEERE LT, Wk
RICR L KRR FI DL, L hHMORVWERE
DOWFEF LA RO SN D (PR - KB, 1982). - T
ZUEVEAFHKETFTREZ7FHRETICBNT, LHR
PRROBECBERZ IS5 L &, HISEH

oM (Fig, 3) 12& 0, K4 &lw@(ﬁk'l"”” iR L
WEX Yy 7T EELS R0 L/ b 5 AL % 9
BLTwEBEhL, §oF7477 7 FiE, AFK
TR 7TFMET T, HiEF v v 7T ERELT i;a’f%‘e
UL L o 7228, MEREDHEECIE -

BY (Table 1), TORIKE i Lip87:n 3525 IflM'sI

RO ENREIC R EBLONL, HETICBY
TUFH 2 G BRBE T & 0 b b e 72 D A5 REMIRT 25 A9
HEBLELIEHME NS (Veres and PIcKETT, 1982
O’'connNELL and KELTY, 1994 ; STERCK, 1999) 4%, 74
FTTEYUFHTTYFICOWTIE, NERBOELLR

5 IREMTIVEOKE S
Table 5 Degree of morphological plasticity :
in canopy gaps.

TG T RO A FHIE T B HoF v v 7F
The mean ratio of trait values under beech or cedar canopies to those

SRR RO & - T, Mo bERY 70 0 A A A R
LTwibobk#EZ NG, —J, YITRAYYIHA
FHETROETTFRETIZBNT, REX v v 7T LI
IO L8720 0 B RIWAD R S T L L,

)R DI A O MRS BIEREIIoWTE

ER OB LTELLL TWiadh o7z (Table 4) 2
L s, bR D A RER O S EEEAN OISO

%%T%%ti%xk<m.ébL.VUﬁiva@
b il Ao 2 ME L TREVWE R

“ 2, LR IZHD &I 3 WIER %
FHLTWAIZHER W, T, YUFRYYIiL, b

JEG DI UM ER R BIE IS IS R E R d -
Fodl e, Mo L 7s D RN LB OAE Lo e
LOLEEZLND.

3. 6. BBON - HNEROEBERE EEBTHOBEHY
X%M IT, 7FRET, MEFy vy 7 TiICBir5 7
Oy, FrFHITIE, AR Y Y OWEO %
LAV COT MO ESVEILET 572012, 7+
TEALGAFHETIZBI 2 BWEHHOfliE, HiF
Yy T TIEBTAETH - e Yo Ee LT
EWOTHRULA (Table 5). ¥ELANWTE, 70€yd, ¥
I T8, Uﬁ$///imﬁﬂ%;mnw%
FRL, HETICBW TR fL@‘ZafLﬂu]mmab Hh
2. Lalt, "’u’lt"(xl//\)b/x?)‘fﬂ]‘:u/’\ib Ty
DEACIEFEHTRE SR L o7, MEER l/f\)b’Cti
JUERTEY yFH T T FRRERELERL, FF
AR RIZ oW TId 2 T VAR D IO E A VAR

%#ot.L#L,v0ﬁ$vvvu.w¢ﬂ@mH~
DWW A ISRV E &, YO FEEDED
Nicdroiz, BHELXVTI, 5’<0)IHH’C’>"/+'H’7

KBTLMIINY 21t

Variables Under beech canopies Under cedar canopies
Lindera Symplocos Menziesia Lindera Symplocos Menziesia
Crown level Crown depth 063 082 078 048 - 034 062
Crown width 142 140 1.16 125 149 095
Cd/Cw 045 038 067 038 019 066
Current shoot level Number of shoots per stem ~ 1.11 1,94 1.20 0.95 1,_2;}, 091
Mean shoot length 032 0.70 1.25 0.48 0.88
Maximum shoot length 038 0.60 1.08 0.41 0.59
Leaf level Individual leaf area 1.06 0.93 093 =« 121
Specific leaf area L6t 119 1.52 142

WHT AL TRKO LA . P R B L& T

Shadow indicates the greatest change among species. Underline indicates significant change.
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REICHD SF, Seuiific b LTz RIic N 2 BLil 5
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BT, MR ORI RE A 25 B8 a o HE sl S,
C/FHOZMARBMEHML I IR D G4MiE2R).
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o T, BV 22— VOB X 2405, vur
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KawaMURA and TAKEDA (2002) &, M TREICEH
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